H eatstroke is a common catastrophic medical emergency causing multi-organ dysfunction, which occurs in high temperatures during the summer months. This life threatening illness results from failure of thermoregulatory mechanism coupled with an exaggerated acute phase response, causing an elevation in core body temperature that rises above 40˚C, producing multi-organ dysfunction. The high mortality rate and permanent neurological damage due to heatstroke demands urgent attention. 1 Early recognition, initiation of rapid cooling measures, and other supportive therapy can reduce the high fatality rate in such patients.
The reported incidence of heatstroke is imprecise, as it is grossly underdiagnosed, and varying definition of heat related illness exist. At least 240 people die of heat related illnesses in the USA each year. 2 In 1980, 1700 people died in the USA during a prolonged heatwave, 2 and a sustained heatwave from 12 to 20 July 1995 in Chicago resulted in more than 600 excess deaths. 3 The incidence of heatstroke varies from 17.6 to 26.5 cases per 100 000 population in the USA. 4 In France, the August heatwave in 2003 caused the unexpected and unprecedented death of .10 000 people. 5 In an observational study from the UK, the mean annual heat related mortality was found to be 304 in North Finland and 445 in Athens. 6 In comparison, in a country with a desert climate such as Saudi Arabia, the incidence varies seasonally, from 22 to 250 cases per 100 000 population. 7 Proper data from most of the world's hot countries are imprecise as this problem is grossly underdiagnosed and under-reported. The incidence of heat related illness and death is likely to increase with predicted incidence of global warming and increasing frequency of heatwaves. 8 Heatstroke has been classified as exertional or classic. Exertional heatstroke is precipitated by heavy exertion in extremely hot and humid climates and is usually seen in otherwise healthy young people. 9 Classic heatstroke results from unabated exposure to high temperatures and humidity.
Most people affected by classic heatstroke are very young or elderly, are poor and socially isolated, have underlying medical illness, and do not have access to air conditioning. 10 11 Frequently encountered complications include acute respiratory distress syndrome, disseminated intravascular coagulation (DIC), shock, rhabdomyolysis, renal failure, cerebral oedema, seizures, and hepatic dysfunction. 12 Laboratory studies may reveal coagulopathy, azotaemia, elevated liver and muscle enzymes, and leucocytosis. 13 Multi-organ injury results from a complex interplay between the cytotoxic effect of the heat and the inflammatory and coagulation responses of the host, and this leads to multi-organ dysfunction in heatstroke.
14 Heatstroke has an inherently high mortality due to multi-organ dysfunction, and those who require admission to intensive care units have substantial increase in mortality. 1 The objective of this study was to investigate predictors of multiple organ dysfunction syndrome in patients presenting with heatstroke.
PATIENTS AND METHODS
Adult patients admitted to a 1900 bed teaching hospital in southern India with heatstroke from January 1998 to December 2001 were included in the study. In this retrospective study, patients were identified by review of medical intensive care records and medical records ICD codes. Medical records of all consecutive patients with suspected heatstroke were reviewed. Heatstroke was defined as hyperthermia with a core body temperature of more than 105˚F (40.6˚C) with associated central nervous system dysfunction, during periods of sustained high ambient temperature. 15 Diagnostic criteria for inclusion were: (a) core body temperature .105˚F; (b) evidence of central nervous Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatinine phosphokinase; DIC, disseminated intravascular coagulation; LDH, lactate dehydrogenase system dysfunction (seizures or altered senses (disorientation, delirium, coma)) documented by the attending physician; and (c) occurrence during summer months with high ambient temperature. Excluded were those with proven central nervous system infection, systemic sepsis, malaria, neuroleptic malignant syndrome, or malignant hyperthermia secondary to anaesthetic agents.
Relevant data were recorded using a predesigned data collection form. The data included demographic characteristics, known pre-morbid illness, temperature at admission and maximum temperature, Glasgow coma scale, clinical features at presentation, vital parameters, laboratory data, (serum creatinine phosphokinase, lactate dehydrogenase (LDH), serum bicarbonate, leukocyte count, creatinine, liver function test, and chest radiography findings), length of intensive care unit and hospital stay, condition at discharge, and outcome.
Organ system dysfunction was assessed using clinical and laboratory parameters as defined by the criteria presented in table 1 . 16 The association between the final outcome measure of multiple (two or more) organ dysfunction with various initial parameters was evaluated. The parameters evaluated were elevated creatinine phosphokinase (.1000 IU/l), LDH (.500 U/l), liver enzymes (aspartate aminotransferase/alanine aminotransferase; AST/ALT) more than twice normal (.80 U/l), presence of metabolic acidosis (HCO 3 ,18 mEq/l and pH,7.35) and leukocytosis (white blood cell count .11 000/mm 3 ). Nominal data were compared by using x 2 analysis or Fisher's exact test of contingency tables.
RESULTS
Data of 28 patients who fulfilled the inclusion criteria were analysed. Mean age of the patients was 50.6 years (range 20-85) with a slightly higher proportion of women (57%). The mean temperature at admission was 105.7˚C. Mean duration of fever prior to admission was 4.1 days in the multiple organ dysfunction group and 2.3 days in the group with no multiple organ dysfunction. Pre-morbid medical illnesses were present in 18 patients and the patient characteristics are presented in table 2.
Various organ dysfunctions among these patients are presented in table 3. The commonest organ dysfunction was respiratory failure, occurring in 24 patients (85.7%). Of these, 78.6% required ventilatory support. Elevated creatinine (.120 mmol/l) was present in 18 patients (64.3%). The mean value of creatinine phosphokinase (CPK) was 3108 U/l. Of the 25 patients who had a CPK estimation performed, 24 (96%) had elevated levels .200 U/l. Eleven (61%) of 18 patients who had liver enzyme (AST/ALT) estimated had values exceeding twice the normal levels. Leukocytosis (.11 000/mm 3 ) was seen in 16 of 24 patients (66.7%) and thrombocytopenia in 8 of 15 patients tested (53%).
The overall case fatality rate was 71.4%. Dysfunction of two or more organs was seen in 22 patients (78.6%), with a mortality rate of 86.4%. A significant decline in case fatality was seen from 1998 (13 deaths in 14 patients) (92.8%) to 2001 (four deaths in eight patients) (50%) (p = 0.01).
Among the selected predictors, metabolic acidosis (14 of 16 patients, 87.5%; p = 0.011), elevated CPK of .1000 IU/l (17 of 19 patients, 89.5%; p = 0.005) and elevated liver enzymes more than twice the normal (11 of 13 patients, 84.6%; p = 0.02) had the highest correlation with dysfunction of two or more organs (table 4). Leucocytosis or high LDH had no statistically significant association with multi-organ dysfunction.
DISCUSSION
This retrospective study was performed to identify predictors of development of multiple organ dysfunction among patients with heatstroke requiring hospitalisation during the period January 1998 to December 2001. We found that more than three quarters of the studied patients developed multiple organ dysfunction. The overall case fatality rate was more than 70% and the mortality was even higher (85%) in patients with dysfunction of two or more organs. With increased awareness of this problem among healthcare workers, a significant decline in case fatality rate has occurred. Elevated CPK, transaminases, and metabolic acidosis at admission predict development of multiple organ dysfunction and hence poor outcome. The higher mortality in this study compared with previous reports 2 17 could be due to multiple factors. Many of these patients presented late; the mean duration of fever at presentation was 4.1 days among patients with multi-organ dysfunction compared with 2.3 days among those without dysfunction. Because this study was based in a tertiary care hospital, only severe disease may be represented. Awareness of the problem of multi-organ dysfunction was lower among these healthcare workers and therefore aggressive cooling measures were not instituted initially. Such delay, caused by instigating other investigations such as CT scan and lumbar puncture to rule out other causes, could have contributed to the higher mortality.
The most common organ dysfunction was respiratory failure (85.7%), with more than three quarters requiring mechanical ventilation as shown in previous reports. 1 Hypotension and tachyarrhythmia has been well documented. 18 19 Renal dysfunction in heatstroke could be multifactorial. Pre-renal insult, direct heat related injury to the kidney, rhabdomyolysis, and DIC could contribute to renal dysfunction in heatstroke. 20 21 In our patients, a very high level of CPK, despite a lack of history of exercise, was seen. Although thrombocytopenia and DIC were present in some patients, they were lacking in most. Elevated liver enzymes have been documented in heatstroke and are believed to be due to direct thermal injury to the liver. 22 23 Because this study was a retrospective analysis, there are some limitations. There was inadequate documentation. Variation in diagnostic investigations and changes in practices could have influenced the outcome. In addition, as the number of patients was small, we could not perform multiple logistic regression. A prospective study could reduce the potential for such biases, though it might be difficult to obtain a sufficiently large sample.
In conclusion, the high mortality observed in heatstroke is secondary to multi-organ dysfunction, and among the various parameters assessed, high levels of CPK (.1000 IU/l), metabolic acidosis, and elevated liver enzymes were found to be associated with dysfunction of two or more organs. Increasing awareness of this problem among healthcare workers, early recognition, and aggressive measures to lower the body temperature with other supportive therapy could substantially reduce mortality. Establishing a scoring system for stratification of severity and prognostication with these and other parameters is now necessary for the optimal care of this under-recognised but common problem in hot countries. 
